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DESCRIPTION 

Semiconductor Device and Method for Manufacturing the Same 
Technical Field 

[0001] This invention concerns a semiconductor device and a 
method for manufacturing the same, and particularly concerns a back- 
illuminated semiconductor device and a method for manufacturing the 
same. 

Background Art 

[0002] A so-called back-illuminated semiconductor photodetecting 
device has been known conventionally as a semiconductor device. 
This type of semiconductor device has a semiconductor substrate and 
has a photodetecting unit on one surface of the semiconductor substrate. 
A portion of the semiconductor substrate on the side opposite the 
photodetecting unit is trimmed to form a recessed portion in the 
semiconductor substrate. A thinned portion is thus provided at the 
portion of the semiconductor substrate at which the photodetecting unit 
is disposed. This thinned portion is provided to accommodate 
ultraviolet rays, soft X-rays, electronic beams, and other energy rays 
that will be absorbed and cannot be detected at high sensitivity by a 
thick semiconductor substrate. At this thinned portion, light that is 
made incident on the surface at the recessed portion side of the 
semiconductor substrate is detected by the photodetecting unit. 
[0003] As an example of a back-illuminated semiconductor device, 
there is a semiconductor device that has a BT-CCD (back-thinned 
CCD). The BT-CCD is used as a detecting unit of a semiconductor 
inspecting device. An example of a conventional semiconductor 
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device having a BT-CCD is described in Patent Document 1 . 
[0004] Fig. 7 is a sectional view of an arrangement of the 
semiconductor device described in Patent Document 1. As shown in 
Fig. 7, a P-type silicon layer 104, which is a semiconductor substrate 
5 having a CCD 103 on a surface that opposes a wiring substrate 102, is 

mounted via metal bumps 105 onto wiring substrate 102, which is fixed 
to a bottom portion of the interior of a package 101. Each wiring 106 
on wiring substrate 102 is connected at one end to a metal bump 105 
and has a bonding pad (not shown) for externally taking out detected 

10 signals at the other end, and each bonding pad is electrically connected 

by a bonding wire 107 to a lead terminal (not shown) of package 101. 
Furthermore, a gap between wiring substrate 102 and P-type silicon 
layer 104 is filled with an underfill resin 108 for reinforcing the bonding 
strengths of metal bumps 105. 

15 Patent Document 1: Japanese Published Unexamined Patent 

Application No. Hei 6-196680 

[0005] However, when the underfill resin fills the gap between the 
wiring substrate and the thinned portion of the semiconductor substrate 
as shown in Fig. 7, the thinned portion may crack due to the stress that 

20 arises due to a thermal expansion coefficient difference between the 

underfill resin and the semiconductor substrate in the process of heating 
or cooling to cure the underfill resin. Even if cracking does not occur, 
the thinned portion may become distorted by being pulled by the 
contraction of the underfill resin. Such distortion of the thinned 

25 portion of the semiconductor substrate may bring about adverse effects 

on focusing with respect to the photodetecting unit and uniformity and 



2 



FP04-0250-00 



stability of sensitivity of the photodetecting unit during use of the 
semiconductor device. 

[0006] This invention was made in view of the above issue and an 
object thereof is to provide a semiconductor device, with which the 
5 distortion and cracking of a thinned portion of a semiconductor 

substrate are prevented to enable high precision focusing with respect to 
a photodetecting unit and uniformity and stability of high sensitivity of 
the photodetecting unit to be maintained. 
Disclosure of the Invention 

10 [0007] In order to achieve the above object, this semiconductor 

device comprises: a semiconductor substrate, having a photodetecting 
unit formed on one surface, a thinned portion formed by etching a 
region, opposing the photodetecting unit, of another surface, and first 
electrodes disposed on the one surface at an outer edge of the thinned 

15 portion and electrically connected to the photodetecting unit; a wiring 

substrate, disposed to oppose the one surface side of the semiconductor 
substrate and having second electrodes connected via conductive bumps 
to the first electrodes; and a resin, filling a gap between the wiring 
substrate and the outer edge of the thinned portion to reinforce the 

20 strengths of bonding of the respective first electrodes and the respective 

second electrodes with the conductive bumps; and wherein the resin is a 
resin sheet that is formed in advance so as to surround a periphery of a 
gap between the thinned portion and the wiring substrate except for 
portions of the periphery. 

25 [0008] With this semiconductor device, the resin fills the gap 

between the wiring substrate and the outer edge of the thinned portion. 
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The strength of bonding of the conductive bumps with the first 
electrodes that are disposed at the outer edge of the thinned portion and 
the strength of bonding of the conductive bumps with the second 
electrodes of the wiring substrate are thus reinforced. Meanwhile, 
because the resin does not fill a gap between the wiring substrate and 
the thinned portion of the semiconductor substrate, even when stress 
due to the thermal expansion coefficient difference between the resin 
and the semiconductor substrate arises during heating or cooling in the 
process of curing the resin, etc., the influence of the stress on the 
thinned portion will be small and distortion and cracking of the thinned 
portion will be prevented. Thus with this semiconductor device, high 
precision focusing is enabled with respect to the photodetecting unit and 
uniformity and stability of high sensitivity of the photodetecting unit 
can be exhibited during use. 

[0009] Furthermore, as the above-mentioned resin, the resin sheet, 
which is formed in advance to a desired shape, that is, a shape that 
surrounds the periphery of the gap between the thinned portion and the 
wiring substrate except for portions of the periphery, is used. An 
arrangement, wherein the resin fills the gap at which the conductive 
bumps exist, that is, the gap between the outer edge of the thinned 
portion and the wiring substrate while the gap between the wiring 
substrate and the thinned portion is left unfilled, can thus be realized 
readily and reliably. 

[0010] A sealed space may form when the gap between the thinned 
portion and the wiring substrate is completely surrounded by the resin. 
In this case, the thinned portion may become distorted due to expansion 
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or contraction of the air inside the sealed space during heating or 
cooling in the process of curing the resin, etc. In regard to this issue, 
with the present semiconductor device, the arrangement wherein the 
resin surrounds the periphery of the gap except at portions of the 
periphery is provided to prevent the gap from becoming sealed. 
Moreover, by use of the resin sheet formed in advance, this arrangement 
can also be realized readily and reliably. 

[0011] The photodetecting unit may have a plurality of pixels that 
are arrayed one-dimensionally or two-dimensionally. This invention's 
semiconductor device is especially useful in this case because 
uniformity and stability of high sensitivity is required among the 
plurality of pixels. 

A semiconductor device manufacturing method of this invention 
comprises the steps of: preparing a semiconductor substrate, having a 
photodetecting unit formed on one surface, a thinned portion formed by 
etching a region, opposing the photodetecting unit, of another surface, 
and first electrodes disposed on the above-mentioned one surface at an 
outer edge of the thinned portion and electrically connected to the 
photodetecting unit; preparing a wiring substrate, disposed to oppose the 
above-mentioned one surface side of the semiconductor substrate and 
having second electrodes connected via conductive bumps to the first 
electrodes; adhering a solid resin sheet onto a predetermined region on 
the above-mentioned other surface of the semiconductor substrate; and 
thermocompression bonding the semiconductor substrate, with the resin 
sheet, to the wiring substrate; and the predetermined region is set to 
surround a periphery of a gap between the thinned portion and the 



FP04-0250-00 



wiring substrate except for portions of the periphery. 

In this case, the semiconductor device with the above-mentioned 
functions can be manufactured readily by adhering on the resin sheet. 
[0012] By this invention, a semiconductor device can be realized 
with which the distortion and cracking of a thinned portion of a 
semiconductor substrate are prevented to enable high precision focusing 
with respect to a photodetecting unit and uniformity and stability of 
high sensitivity of the photodetecting unit to be maintained. 
Brief Description of the Drawings 

[0013] Fig. 1 is a sectional view of an embodiment of this 
invention's semiconductor device; 

Fig. 2 is a plan view for describing an arrangement of resin 32 of 

Fig. 1; 

Fig. 3 is a sectional view for describing an example of a method 
of manufacturing semiconductor device 1 of Fig. I; 

Fig. 4 is a plan view of an arrangement example of wiring 
substrate 20 of Fig. 1; 

Fig. 5 is a sectional view of an arrangement of internal wirings 
of wiring substrate 20 of the arrangement example of Fig. 4; 

Fig. 6 is a sectional view for describing the arrangement of 
internal wirings 60 of Fig. 5; and 

Fig. 7 is a sectional view of an arrangement of a conventional 
semiconductor device. 
Explanation of Reference Numerals 
[0014] 

1... semiconductor device 
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1 0. . .semiconductor substrate 
14... thinned portion 
15... outer edge 
16. ..electrode 
5 18... accumulation layer 

20... wiring substrate 
22... electrode 
24... lead terminal 
28... chip resistor 
1 0 30.. .conductive bumps 

3 2... resin 

34...communicating portion 

Best Modes for Carrying Out the Invention 

[0015] Preferred embodiments of this invention's semiconductor 
15 device shall now be described in detail along with the drawings. In the 

description of the drawings, the same elements shall be provided with 
the same symbols and overlapping description shall be omitted. The 
dimensional proportions in the drawings do not necessary match those 
of the description. 

20 [0016] Fig. 1 is a sectional view of an embodiment of this 

invention's semiconductor device. A semiconductor device 1 has a 
semiconductor substrate 10, a wiring substrate 20, conductive bumps 
30, and a resin 32. Semiconductor substrate 10 is a BT-CCD (back- 
thinned CCD) and has a CCD 12 formed as a photodetecting unit on a 

25 portion of a top layer of its front surface SI side. Semiconductor 

substrate 10 includes, for example, a silicon P + layer, a P-type epitaxial 
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layer formed above the silicon P + layer, and an unillustrated set of 
transfer electrodes, formed on the epitaxial layer and to which driving 
signals are provided. CCD 12 has a plurality of pixels that are arrayed 
two-dimensionally. Also, a thinned portion 14 is formed by thinning 
by etching a region, opposing CCD 12, of a back surface S2. The 
etched portion has a truncated rectangular pyramidal profile. A surface 
of thinned portion 14 at the etched side is a flat and rectangular, light- 
incident surface S3, and this light- incident surface S3 is formed to be 
substantially the same in size as CCD 12. Semiconductor substrate 10 
as a whole has a rectangular shape in plan view. Semiconductor 
substrate 10 is, for example, approximately 15 to 40jim thick at thinned 
portion 14 and approximately 300 to 600|im thick at an outer edge 15 of 
thinned portion 14. Outer edge 15 of thinned portion 14 refers to a 
portion of semiconductor substrate at the periphery of thinned portion 
14 and is thicker than thinned portion 14. 

[0017] Electrodes 16 (first electrodes) are formed on front surface 
SI of outer edge 15. These electrodes 16 are electrically connected to 
the set of transfer electrodes of CCD 12 by wirings that are omitted 
from illustration. The entirety of back surface S2 of semiconductor 
substrate 10, including light- incident surface S3, is covered by an 
accumulation layer 18. Accumulation layer 18 is of the same 
conductive type as semiconductor substrate 10, however, is higher in 
impurity concentration than semiconductor substrate 1 0. 
[0018] Semiconductor substrate 10 is mounted onto wiring 

substrate 20 by flip-chip bonding. Wiring substrate 20 is thus 
positioned to oppose the front surface SI side of semiconductor 
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substrate 10. Electrodes 22 (second electrodes) are formed at positions 
of wiring substrate 20 that oppose electrodes 16 of semiconductor 
substrate 10, and these electrodes 22 are connected via conductive 
bumps 30 to electrodes 16. Lead terminals 24, electrodes 22, 
conductive bumps 30, and electrodes 16 are thus connected to the CCD 
transfer electrodes and CCD drive signals are input into lead terminals 
24. An output of an amplifier that outputs a CCD read signal is taken 
out from a lead terminal 24 via an electrode 16, a conductive bump 30, 
and an electrode 22. Wiring substrate 20 is formed, for example, of a 
multilayer ceramic substrate. An upper surface S4 (surface opposing 
semiconductor substrate 10) of wiring substrate 20 has a wider area than 
semiconductor substrate 10 and a region that does not oppose 
semiconductor substrate exists at an edge of upper surface S4. 
[0019] Lead terminals 24 are disposed at a bottom surface S5 
(surface at the opposite side of upper surface S4) of wiring substrate 20. 
Lead terminals 24 are connected to internal wirings (not shown) of 
wiring substrate 20. 

[0020] Due to the interposition of conductive bumps 30, a gap 
exists between semiconductor substrate 10 and wiring substrate 20. Of 
this gap, a portion that is sandwiched by outer edge 15 and wiring 
substrate 20 is filled with insulating resin 32 (underfill resin) for 
reinforcing the bonding strengths of conductive bumps 30 (specifically 
the strengths of bonding of conductive bumps 30 with the respective 
electrodes 16 and electrodes 22). Resin 32 is a resin sheet, and as this 
sheet, a resin sheet, with which, for example, an epoxy-based resin, a 
urethane-based resin, a silicone-based resin, an acrylic-based resin, or a 
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composite of such resins is formed to a sheet form, may be used. 
[0021] The arrangement of resin 32 shall now be described in detail 
using Fig. 2. Fig. 2 is a plan view of wiring substrate 20 as viewed 
from its upper surface S4 side. In Fig. 2, broken lines LI and L2 
indicate outlines of semiconductor substrate 10 and thinned portion 14, 
respectively. The sectional view along line I-I of this figure 
corresponds to being Fig. 1 . As shown in this figure, although resin 32 
surrounds a periphery of a gap between thinned portion 14 of 
semiconductor substrate 10 and wiring substrate 20, it does not surround 
the entire periphery but surrounds the periphery with the exception of 
portions of the periphery. Specifically, resin 32 is disposed while 
leaving regions respectively extending from the four comers of a region 
of wiring substrate 20 that opposes the thinned portion (the rectangular 
region surrounded by broken lines L2) to the outer side of a region 
opposing semiconductor substrate 10. Communicating portions 34 
that put the gap between thinned portion 14 and wiring substrate 20 in 
communication with the exterior of semiconductor device 1 are thus 
defined at the gap between semiconductor substrate 10 and wiring 
substrate 20. 

[0022] Furthermore, a plurality of chip resistors 28 are disposed on 
upper surface S4 of wiring substrate 20. Chip resistors 28 are aligned 
one-dimensionally in the left/right direction of the figure, respectively at 
an upper portion and a lower portion in the figure in the region of wiring 
substrate 20 that opposes thinned portion 14. 

[0023] Returning now to Fig. 1, operations of semiconductor device 
1 shall be described. Light made incident on thinned portion 14 of 
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semiconductor substrate 10 from light-incident surface S3 is detected by 
CCD 12. The detected signals pass through electrodes 16, conductive 
bumps 30, electrodes 22, in that order, and are thereby transmitted to 
wiring substrate 20. The detected signals (CCD read signals) are then 
transmitted to lead terminals 24 and output from lead terminals 24 to the 
exterior of semiconductor device 1 . 

[0024] The effects of semiconductor device 1 shall now be 
described. Resin 32 fills the gap between outer edge 15 of thinned 
portion 14 and wiring substrate 20. The strength of bonding of 
electrodes 16, disposed on outer edge 15 of thinned portion 14, with 
conductive bumps 30 and the strength of bonding of conductive bumps 
30 with electrodes 22 of wiring substrate 20 are thereby reinforced. 
Meanwhile, because the gap between thinned portion 14 of 
semiconductor substrate 10 and wiring substrate 20 is not filled with 
resin 32, even if stress due to the thermal expansion coefficient 
difference between resin 32 and semiconductor substrate 10 arises 
between the two during heating or cooling in the process of curing resin 
32, etc., the influence of the stress on thinned portion 14 will be low and 
distortion and cracking of thinned portion 14 are prevented. Thus with 
semiconductor device 1, high precision focusing with respect to CCD 
12 is enabled and uniformity and stability of the high sensitivity of CCD 
12 can be exhibited during use. Also, because cracking of thinned 
portion 14 is prevented, the manufacturing yield of semiconductor 
device 1 is improved. 

[0025] Furthermore, as resin 32, a resin sheet that has been formed 
in advance to a desired shape, that is, a shape that surrounds the 
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periphery of the gap between thinned portion 14 and the wiring 
substrate 20 except for portions of the periphery, is used. The 
arrangement, wherein resin 32 fills the gap at which conductive bumps 
30 exist, that is, the gap between the outer edge of thinned portion 14 
and wiring substrate 20 while the gap between thinned portion 14 and 
wiring substrate 20 is left unfilled, can thus be realized readily and 
reliably. 

[0026] A sealed space may form when the gap between thinned 
portion 14 and wiring substrate 20 is completely surrounded by the resin 
32. In this case, thinned portion 14 may become distorted due to 
expansion or contraction of the air inside the sealed space during 
heating or cooling in the process of curing the resin, etc. In regard to 
this issue, with semiconductor device 1 , the arrangement, wherein resin 
32 surrounds the periphery of the gap except at portions of the 
periphery, is provided to prevent the gap from becoming sealed. 
Moreover, by use of the resin sheet formed in advance, this arrangement 
can also be realized readily and reliably. 

[0027] Semiconductor substrate 10 is provided with accumulation 
layer 18. The accumulation state of semiconductor substrate 10 is 
thereby maintained. Thereby the uniformity and stability of the 
sensitivity of CCD 12 with respect to short wavelength light can be 
improved further. 

[0028] In recent years, demands for large area and high-speed 
response characteristics have been increasing for back-illuminated 
semiconductor devices. However, with an arrangement, such as that of 
the semiconductor device shown in Fig. 7, wherein the semiconductor 
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substrate is die bonded once to the wiring substrate and then the wiring 
substrate is wire bonded to the lead terminals of the package, it is 
difficult to realize a large area and a high-speed response at the same 
time. That is, when the semiconductor device of this arrangement is 
made large in area, the resistance increases due to the accompanying 
elongation of the wires. Moreover, because in accordance with the 
making of the area large, the occurrence of crosstalk, the forming of 
capacitance (capacitor) between the wires, and other issues arise due to 
wires becoming close to each other and high in density, the realization 
of high-speed response is made even more difficult. 
[0029] Meanwhile, with semiconductor device 1, because 

semiconductor substrate 10 is mounted onto wiring substrate 20 via 
conductive bumps 30, there is no need to perform wire bonding of 
semiconductor substrate 10 with wiring substrate 20. Furthermore, 
because wiring substrate 20 is provided with lead terminals 24, there is 
no need to provide a package besides wiring substrate 20 and thus, with 
semiconductor device 1, there is no need to perform wire bonding of 
wiring substrate 20 with lead terminals of a package. Thus with 
semiconductor device 1, because all of the wirings can be arranged 
without using wire bonding, even if a large area is to be realized, the 
above-mentioned problems of increased resistance, occurrence of 
crosstalk, and forming of capacitance do not occur. Semiconductor 
device 1 can thus meet the demands of both large area and high-speed 
response. For example, when the number of pixels of CCD 12 is 2054 
pixels x 1024 pixels (with the chip size (area of semiconductor substrate 
10) being slightly over 40.0mm x 20mm), whereas speeding up of the 
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response to a rate of 1.6Gpixels/sec or more is difficult with the 
conventional semiconductor device, high-speed operation at 
3.2Gpixels/sec is enabled with semiconductor device 1. 
[0030] Fig. 3 is a sectional view for describing an example of a 
method for manufacturing semiconductor device 1 of Fig. 1 . In this 
example, a solid transfer sheet (resin sheet) is used as resin 32, and this 
solid transfer sheet is adhered onto a predetermined region of front 
surface SI of semiconductor substrate 10. This predetermined region 
is a region that surrounds the periphery of thinned portion 14 except for 
portions of the periphery. Thereafter, by thermocompression bonding 
semiconductor substrate 10 onto wiring substrate 20, semiconductor 
device 1, shown in Fig. 1, is obtained. Since bumps 30 pierce the solid 
transfer sheet in the thermocompression bonding process, there is no 
need to form openings, etc., in advance at portions of the solid transfer 
sheet corresponding to bumps 30. 

[0031] Fig. 4 is a plan view of an arrangement example of wiring 
substrate 20 of Fig. 1. Wiring substrate 20 of this arrangement 
example is a multilayer ceramic substrate. This wiring substrate 20 
has a substantially square shape of 58.420mm square in plan view. 
The plurality of chip resistors 28 are disposed in the rectangular region 
(indicated by broken lines L2) of wiring substrate 20 that opposes 
thinned portion 14. In this region, chip resistors 28 are aligned one- 
dimensionally in the left/right direction of the figure (in the direction of 
the long sides of the rectangle) in two columns at each of an upper 
portion and a lower portion in the figure. The plurality of electrodes 
22 are formed in a region at the outer side of the region. Electrodes 22 



14 



FP04-0250-00 



are aligned along each of the four sides of the rectangle, forming three 
columns along each of the long sides and forming two columns along 
each of the short sides. The diameter of each electrode 22 is 0.080mm. 
[0032] Fig. 5 is a sectional view of an arrangement of internal 
wirings of wiring substrate 20 of the arrangement example of Fig. 4. 
Internal wirings 60 include signal output wirings 60a and 60b, clock 
supplying wirings 60c and 60d, and DC bias (ground) supplying wirings 
60e. Each internal wiring 60 electrically connects an electrode 22, a 
lead terminal 24, and a chip resistor 28 to each other. The arrangement 
of internal wirings 60 shall now be described in more detail using Fig. 
6. In Fig. 6, lead terminals 24 are indicated overlappingly on a plan 
view of wiring substrate 20 for the sake of description. As shown in 
this figure, whereas only signal output wirings 60a and 60b are formed 
inside the region opposing thinned portion 14, clock supplying wirings 
60c and 60d and DC bias (clock) supplying wiring 60e are formed 
outside the region. By thus positioning the driving system wirings 
such as clock supplying wirings 60c and 60d and DC bias supplying 
wiring 60e separately from signal output wirings 60a and 60b, the 
occurrence of crosstalk between the driving system signals and the 
output system signals can be prevented. 
Industrial Applicability 

[0033] This invention can be applied to a semiconductor device and 
a method of manufacturing the same and particularly to a back- 
illuminated semiconductor device and a method for manufacturing the 
same. 
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